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P5 Questions (from Steve Ritz)

1) a very brief summary of the physics case coupled with the explicit 
scope of the experiment, along with a notional timeline for construction 
start, data taking, and specific anticipated results by phase. How does 
fit in the overall picture of this area? Specifically, what are the 
opportunities for cooperation with Mu2e, and, if there are, how might 
those evolve?

2) scope of international participation required and the status of these 
arrangements. How do you anticipate this will develop over time? What 
are any needed U.S. contributions and why they are necessary?  As 
you understand, we are encouraging a global perspective. 

3) What remaining R&D is required, and what is the scope and 
timeline?  

4) Anything else you would like to communicate to P5.
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What is COMET (E21) at J-PARC

8GeV proton beam
5T pion 
 capture  
solenoid

3T muon transport 
(curved solenoids)

muon stopping 
target

electron tracker  
and calorimeter

electron  
transport

B(µ� + Al⇥ e� + Al) = 3.3� 10�17

B(µ� + Al⇥ e� + Al) < 7� 10�17 (90%C.L.)
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Experimental Goal of COMET

• 1011 muon stops/sec for 56 kW 
proton beam power.


• 2x107 running time (~1 year)

• C-shape muon beam line 

• C-shape electron transport followed 

by electron detection system.

• Stage-1 approved in 2009.

Electron transport with curved 
solenoid would make momentum 

and charge selection.

Q:physics case coupled with the explicit scope of the experiment



Mu2e COMET
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Mu2e vs. COMET

Q:physics case coupled with the explicit scope of the experiment

COMET curved 
solenoids have 

dipole  coils on top 
of the solenoids, to 
keep muons with 

momentum of 
interest in the 

bending plane.

Dipole Coils



COMET Staged Approach (2012~)

Mu2e@FNAL COMET@J-PARC
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S-shape C-shape
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Comparison : COMET vs. Mu2e
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COMET @J-PARC Mu2e @FNAL

COMET Phase-I : 
physics run 2017-
BR(μ+Al→e+Al)<7x10-15 @ 90%CL
  *8GeV-3.2kW proton beam, 12 days
      *90deg. bend solenoid, cylindrical detector
      *Background study for the phase2

COMET Phase-II : 
physics run 2019-
BR(μ+Al→e+Al)<6x10-17 @ 90%CL
 *8GeV-56kW proton beam, 2 years
 *180deg. bend solenoid, bend spectrometer,  
   transverse tracker+calorimeter

Mu2e : 
physics run 2019-
BR(μ+Al→e+Al)<7x10-17 @ 90%CL
 *8GeV-8kW proton beam, 3 years
 *2x90deg. S-shape bend solenoid, 
  straw tracker+calorimeter

COMET Phase-I COMET Phase-II

long enough so that # of muons/
proton is the same as Phase-II.

Q:physics case coupled with the explicit scope of the experiment



Goals of COMET Phase-I

direct measurement of potential background 
sources for the full COMET experiment by using the 
actual COMET beam line constructed at Phase-I

1 Background Study for COMET Phase-II

a search for μ−−e− conversion at intermediate 
sensitivity which would be more than 100 times better 
than the SINDRUM-II limit

2 Search for µ-e conversion

physics case coupled with the explicit scope of the experiment
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COMET Phase-I Experimental Layout

COMET Phase-I detector： 
Cylindrical drift chamber (CDC) for µ-e 

conversion is used. Straw chamber 
and ECAL are for beam studies.

COMET muon beam-line： 
(1~3)x109 muon/sec with 3kW 

beam produced. The world 
highest intensity.

S.Mihara, J-PARC PAC Meeting, 16/Mar/2012

Cylindrical Detector
• Collimator of 200 mm diam. at 
the end of 90 degree bend

• determine a beam size

• eliminate high-p particles

• Beam particles not stopped on 
the target will escape from the 
detector

• Optimization of detector 
configuration

• pt threshold > 70MeV/c

• trigger counter (5mm thick) 
as a proton absorber

1.5m

0.805m

Proton Beam   

µ   

physics case coupled with the explicit scope of the experiment



Funds for Phase-I is secured.....

Budget for COMET Phase-I has been approved.

High momentum 
proton beam 

line for nuclear 
physics

JFY2012 
Supplemental 

budget

J-PARC Hadron Experimental Hall

COMET Phase-I

will be completed by end of JFY2015

physics case coupled with the explicit scope of the experiment

Items done by

proton beam-line
general use KEK

muon beam-line

COMET detector exp. proper COMET collaboration

Detector budget 
(CDC and 
detector 

solenoid) has 
been secured.



Schedule of COMET Phase-I and Phase-II

COMET Phase-I :  
2016 ~ 

S.E.S. ~ 3x10-15 

(for 1~3 months  
with 3,2 kW proton beam)

COMET Phase-II :  
2020~ 

S.E.S. ~ 3x10-17 

(for 2x107 sec  
with 56 kW proton beam)

timeline for construction start, data taking, anticipated results

JFY 2013 2014 2015 2016 2017 2018 2019 2020 2021

COMET 

Phase-I

construction

data

taking

COMET

Phase-II

construction

data taking



opportunities for cooperation with Mu2e

Superconducting Magnet R&D (2010~) 

R&D of solenoid coils with aluminum-stalibized superconductors 

Prototype coil of aluminum-stabilied 
superconductors were wound in 

Japan and sent to FNAL 
(2010-2012).

CY 2012 Report 
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Figure 2.  Toshiba coil on arrival at Fermilab. 
 
 

 
 
 

Test(Goals(for(the(Toshiba(Coil(
 
As shown in figure 2, the coil has been successfully shipped to Fermilab for testing.  The 
test preparations have been going on throughout CY2012 and into CY2013.  The test will 
be performed in the spring /Summer of CY2013. 
 
The goals for the test are as follows: 
 
1) Quench/mechanical performance of the Hitachi Cable and Toshiba coil.   The 
conductor is designed for operating at 4.2 K, 5T and 8kA, with a large operating margin.   
Because of the limited number of turns, the resultant field on conductor at 8kA will be 
limited to approximately 1T.  We will explore the force and conductor limits by operating 
at currents up to 20 kA, and varying the coil temperature through helium flow and inter-
layer heaters. 
 
2) Test the conduction cooling efficiency of the pure aluminum interlayer cooling fins.  
The fins will be thermally connected to the test facility liquid helium delivery system 
 

Japan
CY 2012 Report 
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During this assembly process, the top plate and magnet will suspended from a frame as 
shown in figure 2.   From here, the magnet lets will be connected to the HTS leads.  The 
cryogenic piping will be assembled (see below) and instrumentation will be attached to 
cryostat instrumentation tree. 
 

 
Figure 6 Mechanical support system for the Toshiba coil.  
 

CY 2012 Report 
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cryostat was unused at the National High Magnetic Field Laboratory (NHMFL) at Florida 
State University and transferred to Fermilab for this use.  A picture is shown it figure 3. 

 
Figure 3.   Photo of test cryostat in its Central Helium Liquifier Location.   
 
Only the vacuum vessel and the top plate from this cryostat are being used in the test 
stand. The internal pressure vessel, LN2 shield, and Vacuum Cover welded assembly 
were removed and stored for possible future use. A new Vacuum Cover assembly 
utilizing a dished head transition piece was designed to cover the transition between the 
top plate and the vacuum vessel, and to provide the four support points for a coil cold 
mass. 
 
The replacement vacuum vessel cover assembly consists of a stainless steel ASME 
flanged and dished head, a cylindrical vertical stainless steel pipe section, and two 
flanges (one welded on the dished head outside diameter and the other on the 85 inches 
ID pipe extension welded to a center hole machined in the head). Photos of the assembly 
are shown in figure 4. In addition to providing support points for the device being tested, 
the assembly is designed to support the atmospheric pressure load while the system is 
under vacuum, and the weight of the top plate and its components (power leads, valves, 
instrumentation tree, internal piping, etc.). 
 

Indirect cooling test bench was 
prepared at FNAL 

to test the prototype coil  
(2013~, not yet?)

U.S.

...through the US-Japan Program



opportunities for cooperation with Mu2e

AlCap Experiment at PSI (2013~)

Measurements of particle (proton) production after muon capture on Al. 

...through the US-Japan Program

•Proton emission rate after muon capture 
is important, since it determines single 
rates of tracking chambers if no charge 
selection is made before detection.  

•That rate for aluminum has not been 
measured.  

•As a joint effort of Mu2e and COMET,  
the AlCap experiment (P. Kammel (UW) 
and YK (Osaka), co-spokespersons) is 
being done at PSI in December, 2013. 

•The measurements of neutron emission 
will be done in 2014?
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Measurement SetupMeasurement Setup

Charged particle

detectors

Si (t65μm)


Si (t1500μm)

plastic scinti.

Trigger plastic

counter-1 Target


Al



AlCap@PSI
Dec. 13

opportunities for cooperation with Mu2e
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opportunities for cooperation with Mu2e

How might these evolve ?

...through the US-Japan Program

テキスト

Each year we have to submit the proposal 
to the US-Japan program. The future plan 
should be discussed between Mu2e and 
COMET.



P5 Questions (from Steve Ritz)

1) a very brief summary of the physics case coupled with the explicit 
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COMET Collaboration 
is international.

S.Mihara, J-PARC PAC Meeting, 16/Mar/2012

COMET Phase-I
Proto-collaboration

• 107 collaborators
• 25 institutes
• 11 countries
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Osaka University, Osaka, Japan
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COMET Collaboration Increasing...
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The COMET Collaboration

R. Akhmetshin, A. Bondar, L. Epshteyn, G. Fedotovich, D. Grigoriev, V. Kazanin,
A. Ryzhenenkov, D. Shemyakin, Yu. Yudin

Budker Institute of Nuclear Physics (BINP), Novosibirsk, Russia

R. Palmer
Department of Physics, Brookhaven National Laboratory, USA

Y. Arimoto, K. Hasegawa, Y. Igarashi, M. Ikeno, S. Ishimoto, Y. Makida, T. Mibe,
S. Mihara, T. Nakamoto, H. Nishiguchi, T. Ogitsu, C. Omori, N. Saito, K. Sasaki,

M. Sugano, Y. Takubo, M. Tanaka, M. Tomizawa, T. Uchida, A. Yamamoto,
M. Yamanaka, M. Yoshida, Y. Yoshii, K. Yoshimura

High Energy Accelerator Research Organization (KEK), Tsukuba, Japan

Yu. Bagaturia
Ilia State University (ISU), Tbilisi, Georgia

P. Dauncey, P. Dornan, B. Krikler, A. Kurup, J. Nash, J. Pasternak, Y. Uchida
Imperial College London, UK

P. Sarin, S. Umasankar
Indian Institute of Technology Bonbay, India

Y. Iwashita
Institute for Chemical Research, Kyoto University, Kyoto, Japan

V.V. Thuan
Institute for Nuclear Science and Technology, Vietnam

H.-B. Li, C. Wu, Y. Yuan
Institute of High Energy Physics (IHEP), China

A. Liparteliani, N. Mosulishvili, Yu. Tevzadze, I. Trekov, N. Tsverava
Institute of High Energy Physics of I.Javakhishvili State University (HEPI TSU), Tbilisi,

Georgia

S. Dymov, P. Evtoukhovich, V. Kalinnikov, A. Khvedelidze, A. Kulikov,
G. Macharashvili, A. Moiseenko, B. Sabirov, V. Shmakova, Z. Tsmalaidze, E. Velicheva

Joint Institute for Nuclear Research (JINR), Dubna, Russia

M. Danilov, A. Drutskoy, V. Rusinov, E. Tarkovsky
Institute for Theoretical and Experimental Physics (ITEP), Russia

T. Ota
Max-Planck-Institute for Physics (Werner-Heisenberg-Institute), Munchen, Germany

Y. Mori, Y. Kuriyama, J.B. Lagrange

117 collaborators
27 institutes
12 countries

New members are
LPNHE, France

Kyushu University, Japan

129 collaborators 
28 institutes, 11 countries

The 
COMET 
Japan 
group 

funded.

The 
COMET 
China 
group 

funded.

The 
COMET 

JINR group 
funding 

underway.
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US Contribution

COMET is looking forward to more cooperation in the future.

ex: COMET would invite Mu2e to participate in the 
measurements of physics background 

(muon decay in orbit, radiative muon capture, etc.)  
for COMET Phase-I (2016~),  

hopefully with detectors (components).

Mu2e and COMET are cooperating in various aspects.

(1) Superconducting magnet R&D 
(2) muon capture experiment at PSI (AlCap).

In the 
past



P5 Questions (from Steve Ritz)

1) a very brief summary of the physics case coupled with the explicit 
scope of the experiment, along with a notional timeline for construction 
start, data taking, and specific anticipated results by phase. How does 
fit in the overall picture of this area? Specifically, what are the 
opportunities for cooperation with Mu2e, and, if there are, how might 
those evolve?

2) scope of international participation required and the status of these 
arrangements. How do you anticipate this will develop over time? What 
are any needed U.S. contributions and why they are necessary?  As 
you understand, we are encouraging a global perspective. 

3) What remaining R&D is required, and what is the scope and 
timeline?  

4) Anything else you would like to communicate to P5.



R&D

No more major R&D for 
COMET is needed.

Some remaining issue is 
8 GeV J-PARC MR operation and beam extraction. 
(COMET requests to J-PARC.)
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Figure 2.  Toshiba coil on arrival at Fermilab. 
 
 

 
 
 

Test(Goals(for(the(Toshiba(Coil(
 
As shown in figure 2, the coil has been successfully shipped to Fermilab for testing.  The 
test preparations have been going on throughout CY2012 and into CY2013.  The test will 
be performed in the spring /Summer of CY2013. 
 
The goals for the test are as follows: 
 
1) Quench/mechanical performance of the Hitachi Cable and Toshiba coil.   The 
conductor is designed for operating at 4.2 K, 5T and 8kA, with a large operating margin.   
Because of the limited number of turns, the resultant field on conductor at 8kA will be 
limited to approximately 1T.  We will explore the force and conductor limits by operating 
at currents up to 20 kA, and varying the coil temperature through helium flow and inter-
layer heaters. 
 
2) Test the conduction cooling efficiency of the pure aluminum interlayer cooling fins.  
The fins will be thermally connected to the test facility liquid helium delivery system 
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図 8: J-PARC MRでのエクスティンクション測定

また, 超電導線材の低温における中性子照射試験を京
都大学原子炉実験所の研究炉を用いて 2011年に引き続
き 2012年にも行った。この測定はCOMET実験におい
て不可欠の超伝導電磁石に関して, 放射線による劣化具
合と, 室温までの昇温による劣化からの回復具合を調べ
るための実験である。図 9に各種超伝導線材が中性子照
射による放射線損傷により抵抗値が上がっていく様を照
射時間の関数として示す。この実験により超電導線材の
劣化具合がはっきりと観測され, 実際の運転サイクル計
画立案に重要な情報を入手することができた。

図 9: 超伝導線材の中性子照射試験

その他, 大立体角を持った強力なパイ中間子捕獲ソレ
ノイドの動作を実証した大阪大学核物理研究センター
に建設中のMuSIC施設 [13]や, カロリメータ用結晶選
定のためのテストビーム実験, 真空中で動作可能なスト
ローチェンバーの開発研究等, 非常に興味深い開発研究
が複数並行して進んでいるが, ここでは紙面スペースの
都合でその紹介は残念ながらまたの機会に譲る。
最後に, 実験の現在の青写真を紹介して本稿を結びた

い。既述の通り, COMET実験は J-PARC MR に敷設
されたハドロン実験施設への遅い取り出し部分に, 新た
にCOMET実験施設を建設する予定である。これは, J-

PARC・第 II期計画として予定されているハドロン実験
施設の拡張計画の一環として, 一次陽子ビームラインに
図 10の様な新しい分岐を高運動量ビームラインと共有
する形で設置し, COMET実験ホールを現在のハドロン
実験施設に隣接する形で建設する予定である。

図 10: COMET実験ホールのフロアプラン

5 おわりに
TeVスケール物理に優れた感度を持つと期待されてい

る荷電 LFV探索, 特にミューオンを用いた超高感度での
探索は, その崩壊分岐比の実験上限値が理論予言領域に
間近に迫っている事も相まって, 直近の実験結果に注目
が集まっている。LHC実験での新物理の直接探索結果,
そしてMEG実験が出す µ+ → e+γ探索の最新結果, そ
れらと併せて新しい物理描像に迫る上で重要なもう一つ
のピース「µ−N → e−N」を今, かつてない優れた感度
で実現する事が期待されている。本稿では, J-PARC加
速器によって実現する大強度ミューオン源を用いた, 次
世代 µ−N → e−N探索実験・COMET のアイデア, 更
にはその段階的実現計画と最新の準備状況を紹介した。
準備研究はまだまだその途上にあり, 我々COMET実験
グループは今後も精力的に開発研究を進めていく所存で
あるが, J-PARC・第 II期計画の勢いを借り, 一気呵成
に実験計画を推し進めるべく, コミュニティの皆様のご
理解ご協力を得られれば幸甚である。
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Major R&Ds that have been done...

Radiation tests of SC magnet 
material at low termperature

Demonstration of 103 increase of 
muon yields at MuSIC, Osaka U.

Demonstration of proton 
extinction at J-PARC MR

Production of aluminum 
stabilized SC coil prototype



P5 Questions (from Steve Ritz)

1) a very brief summary of the physics case coupled with the explicit 
scope of the experiment, along with a notional timeline for construction 
start, data taking, and specific anticipated results by phase. How does 
fit in the overall picture of this area? Specifically, what are the 
opportunities for cooperation with Mu2e, and, if there are, how might 
those evolve?

2) scope of international participation required and the status of these 
arrangements. How do you anticipate this will develop over time? What 
are any needed U.S. contributions and why they are necessary?  As 
you understand, we are encouraging a global perspective. 

3) What remaining R&D is required, and what is the scope and 
timeline?  

4) Anything else you would like to communicate to P5.



To P5, we like to bring the message that....

CLFV is unique and important 
to find new physics beyond the SM.

CLFV = charged lepton flavor violation

R � 1
�4

|ASM + �NP|2 � |ASM|2 + 2Re(ASM�NP) + |�N|2

 CLFV is sensitive to NP at high energy scale Λ.

others

CLFV

subject to uncertainty of SM prediction

amplitude

rate

CLFV for muons 
can be improve by 
a factor of 10,000 
or more, implying 
10 times in energy 
reach.

|ASM + �NP|2 � |ASM|2 + 2Re(ASM�NP) + |�N|2

could go higher energy scale



To P5, we like to bring the message that ... 

Having the two experiments, Mu2e 
and COMET, is very important. 

• Comparison of the two experimental results is always 
important to justify them. 

• Muon beams are different for Mu2e and COMET, and 
therefore potential background sources (beam-related 
backgrounds and environmental backgrounds) are different.



Summary

• COMET Phase-I

• from 2016

• S.E.S. of 3x10-15 (for 1~3 

month running)

• background measurements


• COMET Phase-II

• from 2020

• S.E.S. of 3x10-17 (for 2x107 

sec)



Backup



µ-e conversion at S.E. sensitivity of 3x10-19  
PRISM/PRIME  (with muon storage ring)

PRISM 
beamline

PRISM-FFAG 
muon storage ring

momentum slit

extract kickers

injection kickers

matching section

 curved solenoid 
(short)

SC solenoid / 
pulsed horns

PRIME 
detector

MW beam

The UK-Japan group


